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@ Novel vibrator system and vibrotherapeutic device using the same. 



@ Disclosed is a novel vibrator system which com- 
prises an ultrasonic motor; a driver circuit which 
supplies a forwardly-rotatory and reversely-rotatory 
signals to the ultrasonic moton and a switching con- 
trol circuit which alternately switch the signals. The 
vibrator system attains a high energy efficiency even 
when miniaturized, as well as normally working with- 

(^out causing a large operation noise when loaded. 

^The vibrotherapeutic device wherein the vibrator sys- 
tem is assembled can be advantageously used to 
massage human body. 
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NOVEL VIBRATOR SYSTEM AND VIBROTHERAPEUTIC DEVICE USING THE SAME 



The present invention relates to a novel vibra- 
tor system using an ultrasonic motor as the power 
source, as well as to a vibrotherapeutic device 
using the vibrator system. 

Local vibrostimulation to human body is effec- 
tive in the shortening of sleep latency to treat 
insomnia, as well as in the relieving of pains in 
myalgia, lumbago, arthritis, rheumatism and stiff- 
ness in the shoulder. 

In typical conventional vibrotherapeutic device, 
a vibratiie plate is actuated by using a 
conventional-type magnetic motor in combination 
with an eccentric weight or a cam mechanism. 
Such vibrotherapeutic device has the drawbacks 
that it becomes long and unwieldy in a direction of 
the rotary axis of the motor; that it attains an 
unsatisfactorily low energy efficiency because it 
yields an small output energy with respect to the 
inputted energy; and that it does not adequately - 
work when the load descend the vibratiie plate to 
restrict the operative range of the cam mechanism. 

To avoid these drawbacks of conventional 
vibrotherapeutic device. Japanese Patent Laid- 
Open Nos.209.284/85 (Y.ENDO et al). 216.870/85 
(Y.ENDO et ai) and 5,359/87 (K.MASAKI) propose a 
system wherein a magnetic coil placed In parallel 
with a coil or a vibratiie member is intermittently 
energized with an alternating current through a 
charge/discharge circuit using a thyristor and a 
capacitor in combination and the resultant attraction 
and repulsion are used to generate a vibration, 
while Japanese Patent Publication No.1 0,1 45/86 
(Y.ENDO) proposes a system to vibrostimulate hu- 
man body wherein an amplified signal from an 
audio frequency oscillator is used to actuate a 
sound generating means such as loudspeaker. 

These proposals have, however, proved un- 
successful: The former system using a coil and a 
charge/discharge circuit frequently encounters the 
drawback that it consumes a large amount of elec- 
tric energy. While the latter system using a sound 
generating means such as loudspeaker has the 
advantage that its vibration frequency is easily 
changeable, but becomes unwieldy and attains an 
unsatisfactorily low energy efficiency because it 
requires a targe-scale power source in order to 
obtain a sufficiently strong sound pressure on the 
vibratiie plate that is in contact with human body. 

In view of the foregoing, one object of the 
present invention is to provide a vibrator system 
which can attain a high energy efficiency even 
when miniaturized. 

/Another object of the present invention is to 
provide a vibrotherapeutic device using such vibra- 
tor system. 



The present inventors investigated various 
means using ultrasonic motor, which is recently 
highlighted particulariy in Nikkei-Mechanical , pp.44- 
48. published on February 28. 1983. Japanese 
5 Patent Laid-Open No. 148.682 83 (T.Sashida) and 
Japanese Patent Application No. 12.350/87 
(S.Sagara). 

As the result, these and other objects as may 
become apparent hereinafter have been attained 

70 with a vibrator system comprising an ultrasonic 
motor; a driver circuit which supplies a forwardly- 
rotatory and a reversely-rotatory signals to the ul- 
trasonic motor; and a switching control circuit 
which alternately switches the signals. 

75 The following will explain the present invention 

in more detail. 

Hitherto known are travelling wave type and 
standing wave type ultrasonic motors, which are 
advantageously usable in the invention as long as a 

20 vibration is generated by switching their output 
shaft to forward and reverse rotations. 

Travelling wave type ultrasonic motor is de- 
signed in such manner that a piezoelectric or elec- 
trostrictive electrode divided into at least two sec- 

25 Uons is applied with a high-frequency voltage hav- 
ing a phase difference of about 90' to generate on 
the stator a travelling wave which actuates the 
rotator. 

To generate a vibration at the output shaft of 

30 an ultrasonic motor which intrincically effects a 
rotary movement, for example, the ultrasonic motor 
is applied with a high-frequency voltage while 
switching it alternately to a state having a phase 
difference of +90* and another state having a 

35 phase difference of -90 * , thereby switching the 
output shaft to forward and reverse rotations to 
bring it into vibration. 

To switch a high-frequency voltage alternately 
to a state having a phase difference of +90 and 

40 another state having a phase difference of -90 * . for 
example, a circuit which effects +90° phase con- 
version and another circuit which effects -90* 
phase conversion are assembled in a phase con- 
verter circuit in such manner that they can be 

45 switched with a forward/reverse switching circuit, 
while the forward/reverse switching circuit is con- 
tinuously switched at a high speed with a pulse 
input from an oscillator. 

Another type of vibration can be obtained by 

50 gradually switching the phase converter circuit 
along with a sinusoidal curve using a phase control 
circuit in place of a switching circuit or by sup- 
plying to the phase converter circuit either of (i) an 
audio signal from an AM receiver, FM receiver, 
video tape recorder, laser disc player, tape re- 
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corder, disc player, compact disc player, or digital 
audio tape recorder, (ii) a signal having a restricted 
frequency range obtained by passing the audio 
signal through filter{s), and (iii) a pulse signal ob- 
tained with a pulse generator such as multivibrator. 

The above arrangement is to rotate travelling 
wave type ultrasonic motor in forward and reverse 
directions. Standing wave type ultrasonic motor is 
similarly operable by providing a driver circuit ca- 
pable of generating forward ly-rotatory and 
reversely-rotatory signals, and continuously control- 
ling the driver circuit with a switching control cir- 
cuit. 

The vibrator system arranged in this manner 
can be advantageously used in or for 
vibrotherapeutic devices. 

To vibrostimulate human body with a vibration 
obtained with the vibrator system, the vibration is 
transmitted from the output shaft of an ultrasonic 
motor to a vibratiie plate capable of supporting 
human body, or to that which can be placed or 
attached onto human body. 

To actuate such vibratiie plate while allowing it 
to support humsin body, for example, one end of an 
arm member is attached to the output shaft of an 
ultrasonic motor, while the other end of the arm 
member is connected with the vibratiie plate while 
supporting the latter end with an elastic member in 
such manner that the latter end does not descend 
to an undesirable level when loaded. Although in 
this case the output shaft rotational ty moves by a 
small angle through the arm member, such move- 
ment never hinders the ultrasonic motor from yield- 
ing a prescribed vibration because in the ultrasonic 
motor the rotator rotates while receiving a travelling 
wave occurred on the stator. 

In case that an inertial member and its cover 
are attached respectively to the output shaft of an 
ultrasonic motor and, through a damping member, 
to its case, a strong inertia acts on the output shaft 
and the ultrasonic motor receives in turn the coun- 
teraction. Thus, the resultant vibration is amplified 
to a level strong enough to vibrate the cover per 
se. 

In case that a diaphragm is attached to the 
output shaft of an ultrasonic motor and the periph- 
eral edge of the diaphragm is fixed to a supporting 
plate attached to the case of the ultrasonic motor, a 
vibration generated by forward and reverse rota- 
tions of the output shaft is amplified by the dia- 
phragm to a level strong enough to entirely vibrate 
this system. More particularly, since in this case 
the direction of the rotatory power acting towards 
the center of the diaphragm is contrary to that of 
the counter rotatory power acting towards the pe- 
ripheral part of the diaphragm, an amplified vibra- 
tion is obtainable. 

An amplified vibration is also obtainable with an 



arrangement wherein an inertial disc is attached to 
the output shaft of an ultrasonic motor and a dia- 
phragm is fixed to the output shaft and the case of 
the ultrasonic motor respectively at its center and 
5 peripheral part. Since in this arrangement, when 
the ultrasonic motor is continuously switched to 
forward and reverse rotations with a switching con- 
trol circuit, the inertial disc quickly turns in a direc- 
tion opposite to that of the forward or reverse 
w rotation, the inertial disc is brought into vibration by 
repeating such turning. In this case the bottom 
surface of the diaphragm can be brought into con- 
tact with the inertial disc so that its vibration trans- 
mits to the diaphragm. A much stronger vibration is 
15 obtainable by interposing an elastically deformable 
member between the output shaft, and the inertial 
disc and diaphragm. 

This arrangement has the feature that the dia- 
phragm can be adequately placed on a prescnbed 
20 site of the subject's body even when eccentrically 
. loaded with the subject's body because the inertia! 
disc is imparted with a room for declination with 
respect to the axis of the output shaft by attaching 
me inertial disc to the output shaft through the 
25 elastic member. 

Two or more subjects who may be at a dis- 
tance can be simultaneously vibrostimulated by 
communicating a vibratiie plate such as diaphragm 
with another vibratiie plate, which is placeabie or 
30 attachable onto human body, through a vibration 
transmissible member such as gases and liquids 
including air. carbon dioxide, water and oil: or by 
communicating the output shaft of an ultrasonic 
motor with a vibratiie plate through a vibration 
35 transmissible member such as wire. 

Since the vibrator system using ultrasonic mo- 
tor as the power source never become unwieldly. it 
can be freely assembled in or on a supporting 
member of an appropriate shape, for example. 
40 blancket. "futon (thick bedquilt)". "zabuton (a cush- 
ion)", mattress, vest, "tanzen (a padded kimono)", 
belt" "obi (a belt for kimono)", cap. hat. slippers, 
shoes, helmet, chair, bed, mat, bed sheet, cushion, 
and driver's seat to locally or systemtcally 
45 vibrostimulate human body. Such vibrostimulation 
helps to relax and improve the muscle and blood 
circulation, and this is very effective in the shor- 
tening of sleep latency, dehypnotization, relieving 
and stopping of pains and spasms in myalgia. 
50 lumbago, arthritis, rheumatism and asthma, mental 
and physical relaxation, and warming-up and mas- 
saging before and after playing sports. In particular, 
a vibrostimulation. administered with a supporting 
member attachable to the head, such as that in the 
55 shape of hat, cap or helmet, effectively massages 
the scalp to extremely promote the regeneration 
and growth of hair. In the case of using a hair 
restorer, such as "Kankho-so 301". an ammovinyl 
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photosensitizing dye commercialized by Nippon 
Kankoh-Shikiso Kenkyujo Co.. Ltd.. Okayama, Ja- 
pan, in combination, the hair restorer and 
vibrostimulation act synergeticafly on the scalp to 
attain an extremely high promoting effect. A spe- 
cific site of human body can be more strongly 
vibrostimulated by placing the vibratile pfate of a 
vibrator system onto such site through an elastic 
member such as sponge, rubber and foam syn- 
thetic resin. 

In use, the vibrotherapeutic device of the inven- 
tion is placed, for example, on "futon", "tatami (a 
straw matting)", chair, bed, floor, or directly on the 
ground, and, if necessary, covered with a sheet, 
after which the subject is allowed to lie thereon, 
followed by vibrostimulation. Alternatively, the 
vibratile plate of the device is placed or attached 
onto a specific site of human body, followed by 
vibrostimulation. In either case, it is recommen- 
dable to continuously or continually administer a 
vibration, frequency usually in the range of 10-200 
hertz, desirably, 50-80 hertz or 100-120 hertz, while 
carefully monitoring the state of the subject. When 
vibration is continually administered, the use of a 
timer is favorable. 

As described heretofore, the vibrotherapeutic 
device of the invention is characterized in that the 
user can freely chose a vibration having an appro- 
priate waveform in accordance with the use be- 
cause the device can generate a vibration with a 
sinusoidal waveform, as well as generating that in a 
pulse waveform. 

Some embodiments of the invention will now 
be described by way of example and with refer- 
ence to the accompanying drawings in which: 

FIG.l is the block diagram of a driver circuit 
to actuate ultrasonic motor. 

FIG.2 is the detailed driver circuit to actuate 
ultrasonic motor: 

FIGS.3 .and 4 are the cross sectional views 
of vibrator systenr^ according to the invention, 

RG.5 is the cross sectional view of a vibrator 
system according to the invention. 

FIG.6 is the plane view with the sectional line 
A-A in the vibrator system in FIG. 5. 

RG.7 is the cross sectional view of a vibrator 
system according to the invention. 

FIG.8 is the plan view of the vibrator system 
in FIG.7. 

FIGs.9 and 10 are the schematic perspective 
views of mat-type vibrotherapeutic devices accord- 
ing to the invention. 

FIG.11 is the partially cutaway side elevation 
view of a mat-type vibrotherapeutic device. 

FIG. 12 is the front elevation view of a belt- 
type vibrotherapeutic device. 



FIG.l 3 is the schematic perspective view of 
a vibrotherapeutic device to vibrostimulate the 
thoracicoabdominal site in human body. 

FIG, 14 is the partially cutaway side elevation 
5 view of a vibrotherapeutic device to vibrostimulate 
the head. 

At first, the driver circuit and the switching 
control circuit to actuate travelling wave type ultra- 
sonic motor will be explained with reference to 

70 FIGs.1 and 2, 

Piezoelectric or electrostrictive electrode (2) in 
ultrasonic motor (1) is divided into two electrode 
sections (3)(4) so that application of a high-fre- 
quency voltage having a phase difference of 90* (a 

75 half of the wavelength) generates a travelling wave 
on a stator which electi'ode (2) is attached to. The 
rotator (not shown) is placed on the stator by 
applying a pressure in such manner that Uie resul- 
tant travelling wave on the stator actuates the rota- 

20 tor to bring the output shaft of ultrasonic motor (1) 
into vibration. 

As shown in FIG.1 , in the driver circuit one 
electrode section (3) is connected with high-fre- 
quency voltage source (5). frequency, for example, 

25 of 40 kilohertz, through amplifier (6), while the other 
electrode section (4) is connected with high-fre- 
quency voltage source (5) through phase converter 
circuit (7). Phase converter circuit (7^ is to convert 
the phase of a high-frequency voltage by +90', 

30 prior to inputting it to amplifier (6). 

Phase converter circuit (7) contains an anti- 
phase converter circuit capable of converting the 
phase of a high-frequency voltage from high-fre- 
quency voltage source (5) by -90 * . When applied 

35 with a high-frequency voltage which has undergone 
-90 phase conversion, electrode section (4) 
rotates ultrasonic motor (1) in a direction opposite 
to that in the case of applying a high-frequency 
voltage which has undergone +90' phase conver- 
ge sion. 

Phase converter circuit (7) is switchable to 
+ 90 phase conversion and -90* phase conver- 
sion in accordance with a signal from 
forward/reverse switching circuit (8). 
45 Forward/reverse switching circuit (8) is continuously 
switchable at a high speed by inputting tiiereto a 
pulse signal, frequency, for example, 65 hertz, from 
oscillator (9) to yield output signals respectively for 
+ 90* phase conversion and -90* phase conver- 
se sion. A high-speed switching of ultrasonic motor (1 ) 
to forward and reverse rotations generates at its 
output shaft a vibration of the same frequency as 
-tiiat in the pulse signal. 

Although in the above embodiment ±90 * 
55 phase conversion is effected, the output shaft of 
ultrasonic motor (1) can be vibrated with any level 
of phase conversion. A vibration of another 
waveform can be obtained by providing a phase 
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control circuit in place of forward/reverse switching 
circuit (8) and oscillator (9) to convert an output of 
phase converter circuit (7) from +90* phase con- 
version into +180* phase conversion, for example, 
along with a sinusoidal curve or an appropriate 
pulse signal. 

ITie switching period of phase converter circuit 
(7) is changed with frequency controlling circuit 
(10), which is inputted with an appropriate signal 
from speed controlling circuit (11) in accordance 
with the operation of ultrasonic motor (1). 

FIG.2 is the detailed driver circuit to actuate 
ultrasonic motor (1). A voltage of 6 volts is supplied 
from high-frequency voltage source (5) to phase 
converter circuit (7). frequency controlling circuit 
(10) and speed controlling circuit (11). Phase con- 
verter circuit (7) alternately outputs a high-frequen- 
cy voltage that has undergone +90* phase con- 
version and another high-frequency voltage that 
has undergone -90* phase conversion to energize 
through amplifier (6) electrode sections (3)(4) with 
high-frequency voltages having a sine or cosine 
waveform that differ in phase by ±90 * each other. 
A voltage that varies with a travelling wave arising 
in ultrasonic motor (1) is inputted to speed control- 
ling circuit (11) through variable resistor (12) pro- 
vided to control the voltage. 

The above description is illustrative of a driver 
and a switching control circuits directed to actuate 
travelling wave type ultrasonic motor. In the case of 
standing wave type ultrasonic motor, a driver circuit 
and a switching control circuit having a different 
circuit arrangement are used similariy as in the 
case of travelling wave type ultrasonic motor. The 
switching control circuit is to switch an output from 
the driver circuit in accordance with the forward 
and reverse rotations of standing wave type ultra- 
sonic motor. 

The following will explain four types of vibrator 
system using the above described ultrasonic mo- 
tor. . 

In the embodiment as shown in FIG.3, ultra- 
sonic motor (1) is fixed on the lower side of hori- 
zontally provided supporting base (13). and one 
end of arm member (15) is attached to output shaft 
(14) of ultrasonic motor (1). Arm member (15) is 
provided horizontally, and its upper and lower sides 
are attached with elastic members (16) (16 ) of 
rubber or synthetic resin. Supporting member (17) 
fixed on supporting base (13) is provided on the 
lower side of lower elastic member (16) so that the 
end of arm member (1 5). which tocates at the side 
of lower elastic member (16), does not descend to 
an undesirable level. Vibratile plate (18) is attached 
to the upper side of upper elastic member (16) 
through a connecting member. Vibratile plate (18) 
is prepared with a diaphragm comprising a lower 
elastic member and an upper metal plate smaller 



than the diaphragm, and the diaphragm is fixed 
only at its peripneral part on supporting base (13). 

When output shaft (14) of ultrasonic motor (i) 
vibrates, vibratile plate (18) is actuated through arm 

5 member (15) and elastic member (16 ). Thus, this 
vibrator system is usable to vibrostimulaie the sub- 
ject's body by allowing the subject to lie on 
vibratile plate (18), or placing vibratile plate (18) 
onto the subiect's body. Although vibratile plate 

10 (18) descends and arm member (15) slightly trem- 
bles to rotationaily move output shaft (14) of ultra- 
sonic motor (1) when the subject ties on vibratile 
plate (18), ultrasonic motor (i) still yields a pre- 
scribed vibration because in ultrasonic motor (1) 

75 the rotator rotates while receiving a travelling wave 
from the stator. 

In the embodiment as shown in FIG. 4, inertial 
member (19) is attached to output shaft (14) of 
ultrasonic motor (1) that can be dnven similarly as 

20 in the embodiment in FIG.3, and cover (20) of 
inertial member (19) is fixed on the case of ultra- 
sonic motor (1) through damping member (21). 

Inertial member (19) comprising, for example, a 
metal disc having a central boss screwed around 

as output shaft (14) is arranged in such manner that, 
when output shaft (14) rotates in forward and re-, 
verse directions, the resultant inertia acts on output 
shaft (14) to amplify its vibration. Damping member 

(21) comprises a hard rubber plate or an elastic 
30 synthetic resin plate to efficiently transmit the vi- 
bration of ultrasonic motor (1) to cover (20). 

In the embodiment as shown in FlGs.5 and 6. 
diaphragm (23) is attached through metal fitting 

(22) to the end of output shaft (14) of ultrasonic 
35 motor (1) that can be driven similarly as in the 

embodiment in FIG.3. Although in this embodiment 
diaphragm (23) is attached to metal fitting (23) by 
vulcanizing adhesion, it can be replaced with an 
adhesive or screwing. Supporting plate (24) is 
40 screwed on the case of ultrasonic motor (1), and 
the peripheral part of supporting plate (24) is 
flanged to fix the peripheral part of diaphragm (23) 
by nipping. 

Diaphragm (23) is composed of an elastic ma- 
45 terial such as rubber and synthetic resin, while a 
plurality of cutaway (25a) is provided at its periphr 
eral part as shown in FIGs.5 and 6 to control the 
resonant frequency of the peripheral part of dia- 
phragm (23) that is in fixation. 
50 In the embodiment as shown in FIGs.7 and 8, 

output shaft' (14) of ultrasonic motor (1) that can be 
driven similariy as in the embodiment in FIG.3 is 
inserted in cylindrical metal fitting (42) which is 
then screwed on output shaft (14). Metal fitting (42) 
55 is inserted in cylindrical elastic member (16) of 
rubber or synthetic resin, and then fixed thereon 
with an adhesive or vulcanizmg adhesion. Inertial 
member (19) in disc shape is fixed around the 



9 



EP 0 298 661 A2 



10 



periphery of elastic member (16) with an adhesive 
or vulcanizing adhesion. The center of diaphragm 
(23), which covers the outer surface of inertial 
member (19), is fixed to output shaft (14). while the 
peripheral part of diaphragm (23) is fixed to the 
case of ultrasonic motor (1) through supporting 
plate (24). The elastic deformability of elastic mem- 
ber (16) amplifies the vibration of inertia! member 
(19) and diaphragm (23), as well as enabling a 
slight declination of inertial member (19). In this 
embodiment, elastic member (16) and diaphragm 
(23) are prepared into one body, and the center of 
diaphragm (23) is fixed to output shaft (14) through 
elastic member (16). 

When ultrasonic motor (1) is allowed to effect 
forward and reverse rotations with the driver circuit 
and switching controt circuit as described In FIGs.1 
and 2. inertial member (19) quickly turns in a 
direction opposite to that of the forward or reverse 
rotation to generate a vibration, while diaphragm 
(23) fixed to output shaft (14) and the case of 
ultrasonic motor (1) generates another vibration. 
These vibrations cooperate to yield a much stron- 
ger vibration. 

Inertial member (19) is composed of a rela- 
tively heavy material such as metal, and its central 
cylindrical part is extensively and rigidly adhered to 
elastic member (16). 

Diaphragm (23) of rubber or synthetic resin is 
imparted with a gentiy-sloped spherical outer sur- 
face, while the inside wall of diaphragm (23) is 
imparted with a sectional shape conforming to the 
shape of inertial member (19). so that inertia! mem- 
ber (19) supports diaphragm (23) and the vibration 
of inertial member (19) transmits to diaphragm 
(23). The inside wall of diaphragm (23) and the 
upper side of inertial member (19) are located to 
leave a spacing which is brought into contact only 
through elastic member (16). The peripheral part of 
diaphragm (23) is thickened, and a groove to catch 
supporting plate (24) is provided in the peripheral 
part. The peripheral part is fixed by engaging a 
plurality of projection (45), provided in the groove, 
respectively with the concaves provided on sup- 
porting plate (24). 

Six types of vibrotherapeutic device using a 
vibrator system as shown in RG.3-8 will hereinafter 
be described. 

In the embodiment as shown in FiG.9. a plural- 
ity of concave (43) is provided in thick supporting 
member (44) of an elastic material such as sponge, 
and vibrator system (18) as described heretofore is 
inserted in each concave. By actuating each vibra- 
tor system (28) to entirely vibrate supporting riiem- 
ber (44), a specific site thai is in contact with 
vibrator system (28) can be much strongly vibrat- 
ed. 

In the embodiment as shown in FIG. 10, two 



vibrator systems (28)(2B) are attached to support- 
ing plate (24). In this case, the input terminals of 
the ultrasonic motors in vibrator systems (28)(28) 
are connected with a high-frequency voltage 

5 source in such manner the ultrasonic motors rotate 
in opposite directions, as well as that vibrator sys- 
tems (28)(28) exert appropriately the same effect in 
the left and right sides in human body. 

Supporting plate (24) having two vibrator sys- 

70 terns (28)(28) is placed in a hollow, provided in 
thick supporting member (44) of a sponge-like 
elastic body, to entirely vibrate supporting member 
(44) and also to more strongly vibrate a specific 
site that is in contact with vibrator systems (28) 

15 (28), 

In the embodiment as shown in FIG.11. a plu- 
rality of a vibrator system as described heretofore 
is assembled in a mat-type vibrotherapeutic device, 
which is spread on "tatami". "futon", bed, chair or 

20 floor when in use. The vibrotherapeutic device is 
imparted with a foldabie structure comprising lay- 
ered square-shaped sponge pieces (27)(27a). and 
elastic plate (26) rigider than the sponge pieces is 
provided on the upper side of upper sponge piece 

25 (27). A plurality of a vibrator system as shown in 
nG.4 or 5 is placed in holes provided in upper 
sponge piece (27). Vibrator system (28) is elec- 
trically connected through lead (30) with driver sys- 
tem (28) comprising a driving circuit and a switch- 

30 ing control circuit in order to actuate vibrator sys- 
tem (28) at a frequency, for example, of 30-150 
hertz. 

Although in tinis embodiment vibrator system 
(28) is placed in sponge piece (27), vibrator system 

35 (28) can be removably attached to an appropriate 
position on sponge piece (27), for example, with a 
hook-and-loop type fastener in accordance with the 
size and site of the subject's body. 

In use, the mat-type vibrotherapeutic devices in 

40 FIG.9-11 are spread, for example, on "tatami". 
"futon", carpet, chair, floor or on the ground, and 
tiien allowed to locally or systemically 
vibrostimulate human body. Such vibrostimulation 
helps to relax and improve the muscle and blood 

45 circulation, and this is superioriy effective in the 
shortening of sleep latency, dehypnotization, and 
relief of pains and spasms in myalgia, lumbago, 
arthritis and rheumatism. 

When the subject is in a healthy condition, the 

50 vibrotherapeutic devices are effectively used for 
shortening the sleep latency to induce a restful 
sleep, as well as for mentally and physically relax- 
' ing the subject. 

The embodiment as shown in FIG. 12 is a 

55 vibratile belt comprising a plurality of vibrator sys- 
tem (28) placed in belt member (31). which is 
wound around the arm or leg when in use. Vibrator 
system (28) is supported by supporting member 



6 



rVX»AA1AO I 



11 



EP 0 298 661 A2 



12 



(32) of an elastic material provided in belt member 
(31 ). Attaching member (33) such as hook-and-loop 
type fastener is provided at both ends of belt 
member (31), while vibrator system (28) is elec- 
trically connected with driver system (29) through 
lead (30). 

In use, the vibratile belt is wound around the 
arm. leg or trunk to vibrostimulate it at a frequency 
in the range, for example, of 30-150 hertz. Such 
vibrostimulation helps to relax or improve the mus- 
cle and blood circulation, and this is effective in the 
shortening of sleep latency, dehypnotization. and 
relief of pains and spasms in myalgia, lumbago, 
arthritis and rheumatism. 

The vibratile belt can be effectively used in 
warming-up and massaging before and after play- 
ing sports. 

The embodiment as shown in FIG,13 is to 
entirely vibrate the thoracicoabdominai site of hu- 
man body. In this embodiment vibratile circular 
tube (34) comprising a* rigid outside wall and 
vibratile elastic inside wall (35) provided along with 
the outside wall, and vibrator system (28) are inter- 
connected with flexible hose (37) through pressure 
room (37a). while the inside space of vibratile cir- 
cular tube (34) and flexible hose (37) is filled with 
an oil so that the vibration occurred at the vibratile 
plate of vibrator system (28) is transmitted through 
the oil to actuate vibratile elastic inside wall (35). 
The inside space of flexible hose (37) can be filled 
with gases and liquids excluding oil. 

Vibratile circular tube (34) is prepared into two 
divisible sections in a circular arc shape, and the 
division point of one section is equipped with hinge 
(36). while the division point of the other section is 
equipped with engaging member (38)» so that 
these sections are openably engaged at hinge (36) 
as the fulcrum. The structure of this embodiment 
should not be restricted to the disclosed one, and a 
structure that is stretchable in accordance with the 
body size of the subjecrcan be advaritageously 
used , to ensure a better fitness- As in the case of 
treating asthma, when one subject can personally 
use one vibrotherapeutic device, vibratile circular 
tube (34) can be prepared to attain a much better 
fitness. 

In use, vibratile circular tube (34) is attached 
around the subject's breast or belly, and the sub- 
ject is allowed to settle down in a lounge chair, 
after which vibrator system (28) is actuated at a 
prescribed frequency to effect a vibrostimulation. 
Thuis, asthmatic spasms cari be quickly relieved 
and stopped. 

Since the most efficacious frequency is slightly 
variable with particular subject it is r^ommen- 
dable first to stimulate the subject's body at a 
standard frequency, for example, 65 hertz, then to 
chose the most efficacious frequency while care- 



fully monitoring the state of the subject. 

The vibrotherapeutic device exerts superior ef- 
fects in relieving and stopping pains and spasm tn 
asthma, thoracico-abdommal myalgia and lumbago. 
5 as well as m relieving and improving blood circula- 
tion and fatigue in muscle. 

When the subject is in a healthy condition, the 
vibrotherapeutic device can be used for shortening 
the sleep latency to induce a restful sleep, as well 
70 as for mentally and physically relaxing the subject. 

The embodiment as shown m FIG. 14 is a 
vibrotherapeutic device that is put on the head 
when in use. Sponge member (27) that has a 
concave conforming to the subject's head is at- 
75 tached to the inside wall of helmet member (39). 
Vibrator system (28) is inserted in hole (40), pro- 
vided through sponge member (27). in such man- 
ner that the vibratile plate of vibrator system (28) 
locates downwardly. The upper side of vibrator 
20 system (28) is elastically supported with spring (41) 
provided at the inside bottom of helmet member 
(39). Driver system (29) is attached to the outside 
wall of helmet member (39) in order to actuate 
vibrator system (28) at a frequency, for example, of 
25 10-150 hertz. 

The vibrotherapeutic device can be used to 
massage the scalp by putting it on the subject's 
head, and vibrostimulating the subject's head. Such 
massage helps to improve the blood circulation. 
30 and this is effective in the shortening of sleep 
latency, dehypnotization. relief of pains in head- 
ache, mental and physical relaxation, promotion of 
the regeneration and growth of hair, and prevention 
of the losing of hair. 
35 When the scalp is first applied with a hair 

restorer such as "Kankho-so 301". an aminovinyl 
photosensitizing dye commercialized by Nippon 
Kankho-Shikiso Kenkyujo Co,. Ltd.. Okayama, Ja- 
pan, and then vibro stimulated with the 
40 vibrotherapeutic device, a much higher promoting 
effect can be attained in the regeneration and 
growth of hair. 

Since the vibrotherapeutic device is effective in 
dehypnotization as well as in the shortening of 
45 sleep latency, it can be advantageously used to 
ensure safety driving by allowing a car driver to 
wear the device to prevent driving asleep. 

The vibrotherapeutic device is also effective in 
converting brain wave into the alpha rhythm when 
50 operated at a frequency of about 10 hertz. 

As described above, the vibrator system ac- 
cording to the invention is characterized in that it 
can attain a satisfactorily high energy efficiency, as 
"well as that it never arises a large operation noise. 
55 Furthermore, the vibrator system according to 

the invention can be easily miniaturized because in 
the system the vibration occurs at the output shaft 
of an ultrasonic motor. 
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Since the vibrator system according to the 
invention never becomes unwieldly, it can be freely 
assembled in various supporting members in an 
appropriate shape, for example, blancket. "futon", 
"zabuton". mattress, vest, "tanzen", belt, "obi", 
cap. hat. slippers, shoes, helmet, chair, bed, mat, 
bed sheet, cushion and driver's seat to locally or 
systemically vibrostimulate human body. Such 
vibrostimulation helps to relax and improve the 
muscle and blood circulation, and this is superiorly 
effective in the shortening of sleep latency, de- 
hypnotization, relief of pains and spasm in myalgia. 
lumbago;~arthritis, rheumatism and asthma, promo- 
tion of the regeneration and growth of hair, preven- 
tion of the losing of hair, mental and physical 
relaxation, and warming-up and massaging before 
and after playing sports. 

The vibrotherapeutic device according to the 
Invention can administer an effective vibrostimula- 
tion to human body wittiout consuming a large 
amount of electric energy because it uses ultra- 
sonic motor as the power source. 

Furthermore, since the vibrotherapeutic device 
according to the invention uses ultrasonic motor as 
the power source, its vibration never stops when 
loaded with human body. 

In addition, since the vibrotherapeutic device 
according to the invention uses ultrasonic motor as 
the power source, it can stimulate the subject's 
body with a vibration having a pulse waveform, 

\/Vhile the described embodiments represent 
the preferred forms of the present invention, it is to 
be understood that modifications and variations will 
occur to those skilled in the art without departing 
from the spirit of the invention. The scope of the 
invention therefore to be determined solely by the 
appended claims. 



Claims 

1. A vibrator system, comprising; 
an ultrasonic motor; 

a driver circuit which supplies a forwardly- 
rotatory and a reversely-rotatory signals to the ul- 
trasonic moton and 

a switching control circuit which alternately 
switches the signals. 

2. The vibrator system of claim 1, wherein said 
ultrasonic motor is of travelling wave type. 

3. The vibrator system of claim 1 . wherein said 
ultrasonic motor has an electrode divided into at 
least two section, and wherein said driver circuit 
comprises: 

a high-frequency voltage source connected 
with one section of the electrode; 

a phase converter circuit through which the 
other electrode section is connected with the high- 



frequency voltage source; and 

an antiphase converter circuit through which 
the other electrode section is connected with the 
high-frequency voltage source. 
5 4. The vibrator system of claim 1 . wherein said 

switching control circuit comprises a 
forward/reverse switching circuit 

5. The vibrator system of claim 1. wherein said 
switching control circuit comprises a phase control 

w circuit 

6. The vibrator system of claim 4. wherein a 
pulse signal from an oscillator is inputted to the 
forward/reverse switching circuit. 

7. The vibrator system of claim 1 . wherein one 
75 end of an arm member is fixed to an output shaft 

of the ultrasonic motor and the other end of the 
arm member is attached to a vibratile plate while 
supporting the latter end with an elastic member. 

8. The vibrator system of claim 1. wherein' an 
20 inertial member is attached to an output shaft of 

the ultrasonic motor, while a cover member which 
covers the inertial member is attached to a case of 
the ultrasonic motor through a damping member. 

9. The vibrator system of claim 1. wherein a 
25 diaphragm is attached to an output shaft of the 

ultrasonic motor, while th peripheral edge of the 
diaphragm is fixed to a supporting plate attached to 
a case of the ultrasonic motor. 

10. The vibrator system of claim 1. which addi- 
30 tionally contains an inertial disc attached to an 

output shaft of the ultrasonic motor, and a dia- 
phragm whose center and peripheral part are fixed 
respectively to the output shaft and a case of the 
ultrasonic motor. 
35 11, The vibrator system of claim 10, wherein 

an elastic member is interposed between the out- 
- put shaft, and the inertial disc and diaphragm. 

12. The vibrator system of claim 10, wherein 
the bottom surface of the diaphragm is in contact 

40 with the inertial disc. 

13. In a vibrotherapeutic device to stimulate 
human body with a vibration of a vibrator system, 
the improvement wherein said vibrator system 
comprises: 

45 an ultrasonic motor 

a driver circuit which supplies a forwardly- 
rotatory and a reversely-rotatory signals to the ul- 
trasonic motor; and 

a switching control circuit which alternately 
so switches the signals. 

14. The device of claim 13. wherein said ultra- 
sonic motor is of travelling wave type. 

15. The device of claim 13. wherein said ultra- 
sonic motor has an electrode divided into at least 

55 two section, and wherein said driver circuit com- 
prises: 

a high-frequency voltage source connected 
with one section of the electrode; 
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a phase converter circuit through which the 
other electrode section is connected with the high- 
frequency voltage source: and 

an antiphase converter circuit through which 
the other electrode section is connected with the 5 
high-frequency voltage source. 

16. The device of clainn 13. wherein said 
switching control circuit comprises a 
forward/reverse switching circuit 

17. The device of claim 13, wherein said /o 
switching control circuit comprises a phase control 
circuit. 

18. The device of claim 16. wherein a pulse 
signal from an oscillator is inputted to the 
forward/reverse switching circuit. is 

19. The device of claim 13. wherein one end of 
an arm member is fixed to an output shaft of the 
ultrasonic motor and the other end of the arm 
member is attached to a vibratile plate while sup- 
porting the latter end with an elastic member. 20 

20. The device of claim 1 3, wherein an inertia! 
member is attached to an output shaft of the ultra- 
sonic motor, while a cover member which covers 
the inertial member is attached to a case of the 
ultrasonic motor through a damping member. 25 

21. The device of claim 13, wherein a dia- 
phragm is attached to an output shaft of the ultra- 
sonic motor, while th peripheral edge of the dia- 
phragm is fixed to a supporting plate attached to a 
case of the ultrasonic motor. 30 

22. The device of claim 13, which additionally 
contains an inertial disc attached to an output shaft 
of the ultrasonic motor, and a diaphragm whose 
center and peripheral part are fixed respectively to 

the output shaft and a case of the ultrasonic motor. 35 

23. The device of claim 22, wherein an elastic 
member is interposed between the output shaft, 
and the inertial disc and diaphragm . 

24. The device of claim 22, wherein the bottom 
surface of the diaphragm is in contact with the 40 
inertial disc. 

25. The device of claim 13, wherein said vibra- 
tor system is assembled in a member selected 
from the group consisting of mat. belt and helmet, 

and wherein the subject's body is vibrostimulated 45 
through an elastic member. 

26. The device of claim 13. wherein said vibra- 
tor system is communicated with a vibratile plate 
through a tubular path filled with a gas or a liquid. 

27. The device of claim 13. wherein the fre- 50 
quency of the vibration is in the range of 10-150 
hertz. 

28. The device of claim 13, wherein the vibra- 
tion possesses a pulse waveform. 

55 
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@ Novel vibrator system and vibrotherapeutic device using the same. 



@ Disclosed is a novel vibrator system which com- 
prises an ultrasonic motor (1); a driver circuit which 
supplies a forwardly-rotatory and reversely-rotatory 
signals to the ultrasonic motor <1); and a switching 
control circuit which alternately switch the signals. 
The vibrator system attains a high energy efficiency 



even when miniaturized, as well as normally working 
without causing a large operation noise when loaded. 
The vibrotherapeutic device wherein the vibrator sys- 
tem is assembled can be advantageously used to 
massage human body. 
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